Local CMRgl (LCMRgl) and metabolite levels were measured in the same tissue samples fol lowing 4 h of recirculation after 1 h of occlusion of the middle cerebral artery in the caL The rate of glucose utilization was calculated using direct measurement of tissue deoxyglucose-6-phosphate and using a "lumped" constant corrected in each sample for alterations in tissue glucose, Increased LCMRgl (compared with that in sham operated animals) occurred in regions with only minor alterations in levels of lactate and phosphocreatine, By contrast, LCMRgl was markedly depressed in regions
Summary: Local CMRgl (LCMRgl) and metabolite levels were measured in the same tissue samples fol lowing 4 h of recirculation after 1 h of occlusion of the middle cerebral artery in the caL The rate of glucose utilization was calculated using direct measurement of tissue deoxyglucose-6-phosphate and using a "lumped" constant corrected in each sample for alterations in tissue glucose, Increased LCMRgl (compared with that in sham operated animals) occurred in regions with only minor alterations in levels of lactate and phosphocreatine, By contrast, LCMRgl was markedly depressed in regions Glucose is the principal substrate for energy me tabolism in brain, Measurement of the local CMRgl (LCMRgl) using the radiolabeled glucose analogue [ l4 C]2-deoxyglucose ([ l4 C]2DG) has been a valuable method for evaluating functional activity of brain tissue (Sokoloff, 1981; Greenberg and Reivich, 1983) . Among numerous applications of this tech nique, there have been several reports showing a broad spectrum of changes in LCMRgl in animal studies of ischemia, ranging from marked inhibition to pronounced activation (Ginsberg et ai., 1977; Diemer and Siemkowicz, 1980; Welsh et ai., 1980a; Pulsinelli et ai., 1982; Choki et aI., 1983) . In addi tion, we recently examined the flow-metabolism couple during the recovery period after cerebral ischemia in the cat (Tanaka et aI., 1985) and found with major changes in lactate and high-energy phos phates, Interestingly, tissue levels of glucose and un phosphorylated deoxyglucose were abnormally elevated in regions with profound energy failure, These results in dicate an inhibition of glucose utilization in regions dam aged by ischemia, despite the persistent elevation of tissue lactate, Increased glucose metabolism at 4 h post ischemia was detected only in areas with minor anaerobic alteration of metabolite levels, Key Words: Brain glu cose-Deoxyglucose-Energy metabolism-Glucose metabolism-Ischemia-Regional metabolites, that the preservation of a normal flow/metabolism ratio was a critical factor in maintaining tissue via bility.
In spite of such important contributions to the study of the metabolic function of brain tissue after ischemia, the [ l4 C]2DG method does not distinguish between aerobic and anaerobic utilization of glu cose and does not provide direct information about the energy state of the tissue. One of the aims of the present study was thus to investigate the rela tionship between the tissue concentration of var ious metabolites (ATP, phosphocreatine, lactate, and glucose) and LCMRgl as determined by the [ 14 C]2DG method during the recirculation period following ischemia. Although measurement of re gional glucose metabolism in human brain has be come feasible utilizing positron emission tomog raphy (Phelps et aI., 1979; Reivich et aI., 1979 Reivich et aI., , 1982 , the imaging of regional tissue metabolite levels in vivo is still not practical despite recent advances in technology (Smith, 1983) . Accordingly, investiga tion of the correlation between these metabolic variables using animal stroke models may aid in the evaluation of brain energy state in stroke patients ",hose LCMRgl can be determined using positron emission tomography. A previous study from this laboratory focused on the metabolic events during ischemia (Welsh et aI., 1980a) , whereas the present investigation was directed at postischemic re covery.
The second aim of the present study was to es timate the possible alterations in the rate constants and the "lumped" constant (LC) for 2DG in isch emic brain. Hawkins et al. (1981) suggested that the rate constants for fluorodeoxyglucose in stroke pa tients differ significantly from those in normal tissue. In the present study, the tissue concentration of unphosphorylated [ 14 C]2DG (C E) was determined directly in each tissue sample taken for metabolite assay and compared with the CE calculated ac cording to the formulation of Sokoloff et al. (1977) in order to estimate the possible deviation of rate constants from normal. Further, potential altera tions in the LC may confound interpretation of 2DG studies in pathologic settings Sokoloff, 1984) . In the present work, changes in the LC in individual tissue samples were estimated using levels of glucose in brain and plasma (Pardridge et al., 1982a, b) .
METHODS

Animal preparation
Cats of either sex weighing 2.5-4.0 kg were anesthe tized with pentobarbital (40 mg/kg i.p.). Following tra cheal cannulation, the animals were immobilized with gallamine triethiodide (20 mg) and ventilated mechani cally with 30% oxygen and 70% nitrogen using a Harvard respirator. Arterial blood gases were measured at pre determined intervals using a Radiometer BMS3 MK2 blood gas microsystem, and arterial pressure was moni tored continuously via a femoral arterial catheter. The rectal temperature was maintained at 37"C by means of a thermostatically controlled heating lamp. Two pairs of brain electrodes were inserted into the skull over each hemisphere to record the EEG.
The left middle cerebral artery (MCA) was exposed by the transorbital approach (O'Brien and Waltz, 1973) . After a I-h waiting period following completion of the MCA exposure, ischemia was produced by occluding the proximal portion of the MCA trunk with a miniature May field clip. Following the MCA occlusion, MABP was slowly decreased to 80 mm Hg by arterial hemorrhage. In three control animals, a sham insult was produced by lightly touching the MCA twice, once at the beginning and once at the end of a I-h period.
Local cerebral glucose metabolism and tissue metabolite levels
The LCMRgl was determined during the recovery pe riod after I-h MCA occlusion or sham insult. The animals received a bolus injection of 250 f.1Ci of 2-[1-14C]deoxy D-glucose (New England Nuclear) through a femoral ve nous cannula at 3.25 h after the release of the MCA oc clusion or the second sham manipulation of the MCA.
Arterial blood was sampled initially at intervals of 15-30 s, and later at intervals of 2-10 min for determination of plasma [14C]2DG concentration. Extra blood samples were also taken every 10-15 min for determination of the plasma glucose level.
At the end of the 4-h recovery period (45 min after the injection of [I4C]2DG), the brain was frozen in situ by pouring liquid nitrogen into a styrofoam cup placed over the exposed calvarium. During 10 min of freezing, ven tilation was continued and MABP was held constant. This freezing technique traps metabolites in most regions of brain, including the deep structures such as caudate nu cleus, without ischemic artifact Welsh et aI., 1980a,b) . The frozen brain was sectioned in the coronal plane into slices 1 cm thick with a precooled saw. The slices were kept cold by constant superfusion of liquid nitrogen during the sawing procedures.
In a -30°C chamber, multiple samples were dissected with a small cork borer (0.15-mm inner diameter) and weighed (2-4 mg) prior to extraction. The samples were extracted with 0.1 N NaOH in methanol and then acidi fied with perchloric acid and centrifuged; the supernatant was neutralized and analyzed for ATP, phosphocreatine, lactate, and glucose using enzymatic fluorometric tech niques (Lowry and Passonneau, 1972; . Autoradiograms were prepared by sectioning the frozen brain at a thickness of 20 f.1m in a cryostat ( -20°C) after the tissue samples for metabolite assays had been obtained. The sections were dried and exposed for 10 days on x-ray film (SB-5; Kodak). Unless otherwise noted, LCMRgl values were derived from the C T and C E measured directly in each tissue sample.
Calculation of LCMRgI
LCMRgl was calculated using the operational equation of Sokoloff et al. (1977) as modified for a changing plasma glucose level by Savaki et al. (1980) . The numerator of the equation (C T -C E ) was measured in each sample as described above, whereas the denominator of the equa tion, the product of LC and the integrated precursor spe cific activity in the tissue, was estimated using the plasma 2DG time course and average kinetic constants according to Savaki et al. (1980) .
There is as yet no evidence for a difference in LC be tween normal and postischemic brain (Ginsberg and Reivich, 1979) . Likewise. the similarity of the rate con stants between rat and monkey (Kennedy et aI., 1978) suggests that they may be similar in cat brain. Therefore, an "uncorrected" LCMRgl was calculated by using the LC determined for the normal anesthetized cat (0.411) (Sokoloff, 1981) and using the rate constants for 2DG and glucose in the normal rat (Sokoloff et aI., 1977; Sa vaki et aI., 1980) . However, since an alteration of LC and the rate constants could have occurred in this particular model, possible alterations in these parameters were es timated in each tissue sample.
Estimation of alteration in LC. A LC for individual
samples was calculated according to the method of Par dridge et al. (l982a,b), which uses information on tissue and plasma glucose concentrations measured at the end of the study. The LC may be defined as LC = (kj/kl)(k!/ k)(k2 + k)/(k'5. + kn, assuming that hydrolysis of the phosphorylated sugar is minimal (Sokoloff et ai., 1977) . Pardridge et al. (I982a, b) formulated the rate constants for hexose influx (kl,kj) and efflux (k2,kj) at any given concentration of brain glucose (C B ) and plasma glucose (Ca) in terms of Km' V max (constant of saturable transport) and Kd (constant of nonsaturable transport) for glucose and 2DG. Likewise, the rate constants of phosphoryla tion for glucose (k J ) and 2DG (k!) in brain were also for mulated in terms of kl, k2, and the phosphorylation con stant (PC). Thus, given kl, k2' k) , kj, k'2, k!, and PC for any given pair of C B and Ca, the LC can be calculated.
Since the values of Km, V max' and Kd for glucose and 2DG as well as the value of PC are not known in the cat, the values used in the present study are those that have been measured in the rat (Pardridge et ai., 1982a) . We then calculated the ratio of the LC determined from the equa tions of Pardridge et al. (I982a, b) to the LC for rat (0.483) measured by Sokoloff et al. (1977) . We assumed that this ratio represents the corresponding deviation of the LC from the normal value in the cat brain (0.41 1; also see Discussion), so that a "corrected" LC was derived by multiplying the normal cat LC by this ratio. The LCMRgl obtained with the "corrected" LC is presented as "cor rected" LCMRgl in the present article.
Estimation of alteration in the rate constants. Since C E (unphosphorylated [I4C]2DG concentration in brain) is expressed as T C E = kj e-(k 2 +k 3 )T L Ca(t)e (k 2 +k 3 )l dt in the Sokoloff et al. model, and C E was measured in each tissue sample, a comparison between the two was made to provide some insight into alterations in the rate con stants for 2DG in postischemic brain. Special focus was placed on the correlation between changes in these con stants and abnormal levels of tissue metabolites.
RESULTS
Physiologic data
Arterial blood gases, MABP, and plasma glucose were not significantly different in experimental compared with sham-operated animals (Table O. Blood gases were maintained within the normal range throughout the experimental procedure in both groups. Although MABP was significantly re duced in the experimental group during ischemia as described in Methods, MABP was promptly re stored to normal and kept constant during the re covery period. The plasma glucose level in the experimental group doubled during ischemia, pre sumably due to the arterial hypotension, but sub sequently decreased toward the control level during recovery.
Occlusion of the MCA caused a prompt reduction in EEG amplitude in the ischemic hemisphere. During the recovery period, EEG amplitude in creased in four of seven animals, but stayed mark edly suppressed in the remaining three animals throughout recovery.
Sham-operated animals
Local glucose metabolism and metabolite levels in sham-operated animals did not differ between the cerebral hemispheres ( Table 2 ). The concentrations of ATP, phosphocreatine, and lactate were similar to those of control animals reported previously Welsh et aI., 1978 ) and brain levels of glucose were uniform in the regions analyzed.
The LCMRgl values (Table 2) , which were cal culated using direct measurement of CT and CE, were similar to previously reported values (Gins berg et aI., 1977; Welsh et aI., 1980a) , but were 8-15% lower than those calculated using the aut ora diographic method in adjacent sections of the same animals. The difference could be ascribed to higher CE values (2-10%) determined in tissue samples, relative to the CE derived mathematically from the arterial curve of 2DG. The total tissue content of radioactivity (CT) agreed to within 5% using auto- 6.20 ± 1.23 5.46 ± 0.60 5.00 ± 0.05 5.33 ± 0.23 6.23 ± 1.07 5.82 ± 0.49
Values are means ± SE, n = 3. Local CMRgl (LCMRgi) (uncorrected) given in fJ.mo1/100 g/min; AT P, phosphocreatine (PCr), lactate, and glucose given in mmol/kg. Left hemisphere (L), ipsilateral to exposed middle cerebral artery; R, right hemisphere. radiography or direct counting of sample extracts. Since the calculation of CE uses rate constants de termined in rat, the deviation of CE measured di rectly suggests that rate constants in cat brain may differ slightly from those in rat brain-kj may be greater and/or (k� + kV lower than the corre sponding values in the rat.
Correction of the LC using glucose concentra tions in brain and plasma (see Methods) decreased the LC by 13% in sham-operated animals (Table 3) , relative to the normal value for cat brain, 0. 411 (So koloff, 198 1).
Experimental animals
LCMRgl values were compared with brain glu cose levels in the nonischemic and ischemic cere bral hemispheres (Fig. 1 ). In addition, "uncor rected" LCMRgl values using the normal LC (0. 411) are presented. In the nonischemic hemi sphere, LCMRgl was generally lower than the value in sham-operated animals. As was seen in the sham group, using the" corrected" LC increased the LCMRgl in the nonischemic hemisphere by 7%, on average ( Fig. 1; Ta ble 3 ).
In the ischemic hemisphere, brain glucose con tent varied widely in different regions (Fig. 1) . Values of LCMRgl varied inversely with brain glu cose whether or not LC was corrected in individual samples. At levels of brain glucose of <3.4 mmol/ 0.856 ± 0.017 (n = II) 0.877 ± 0.006 (n = II) 0.906 ± 0.011 (n = 57) 0.908 ± 0.006 (n = 39)
Values are means ± SE. n, no. of samples.
kg, LCMRgl was frequently greater than that of sham-operated animals, whereas it was markedly depressed in regions with a high concentration of glucose. Interestingly, correction of the LC tended to decrease LCMRgl at low levels of brain glucose and increase LCMRgl at high levels. The effect of the correction in LC on LCMRgI, however, was usually < 10%.
The individual corrections in LC also correlated with brain levels of ATP (Fig. 2) . Thus, at low levels of ATP, the LC was decreased by 10-20%; this dim inution may be ascribed to an elevation of tissue glucose occurring in samples with energy failure. Again, however, the effect on LC over the range of ATP levels was small. Henceforth, therefore, LCMRgl will be expressed using only the uncor rected LC value of 0.411.
The correlation between brain lactate and LCMRgl in the ischemic hemisphere was bimodal and discontinuous ( Fig. 3) . At lactate levels of <5 mmol/kg, LCMRgl ranged from 60 to 170% of those of sham controls. By contrast, when lactate levels were > 10 mmol/kg, LCMRgl was reduced to <50% of control in all but two samples. In the present study, regions with intermediate levels of lactate (5-10 mmol/kg) were not observed. In the nonischemic hemispheres (data not shown), lactate levels were normal, but LCMRgl was significantly depressed to 78 ± 3% of the sham value (p < 0.001; Student's nonpaired t test).
The relationship between ATP and LCMRgl in the nonischemic hemisphere also demonstrates the depression of LCMRgl (Fig. 4, nonischemic) . In the ischemic hemisphere, LCMRgl was markedly re duced in samples with low levels of ATP (Fig. 4,  ischemic) . Similar to the bimodal distribution of lac tate levels, there were no regions with ATP between 40 and 75% of sham values. The wide range of LCMRgl at normal levels of ATP in the ischemic hemisphere can be explained in part by increased LCMRgl in regions with only slight elevation in lac- Anterior Latera I Gyrus
Tissue Glucose (mmol / kg) tate (see Fig. 3 ) and alteration in ATP. The relation ship between phosphocreatine and LCMRgl (Fig. 5 ) is similar to that between ATP and LCMRgI, with the suggestion of increased LCMRgl at slightly re duced levels of phosphocreatine. Finally, we determined the ratio (CE ratio) of measured CE to CE calculated from the arterial curve of 2DG. The CE ratio varied inversely with ATP levels in the ischemic hemisphere (Fig. 6) . (corrected LC/0.411) and brain levels of ATP. Samples were analyzed for glucose and ATP, and the LC was corrected using concentration of glucose in the sample and in plasma (see Methods). The normal LC for cat brain is 0.411 (Sokoloff, 1981) . Levels of ATP are normalized to values in corre sponding regions of sham-operated animals.
J Cereb Blood Flow Metabol, Vol. 5, No. 4, 1985 Whereas the CE ratio was nearly unity in the normal range of ATP values, the ratio increased by >50% in regions with low levels of ATP (Table 4 ). In the nonischemic hemisphere and in the brain of sham operated animals, the CE ratio was only slightly higher than unity. These results indicate that use of the arterial curve to derive CE is likely to under estimate CE and thus overestimate LCMRgl in re gions with irreversible energy failure.
DISCUSSION
LC for the 2DG model
Since LCMRgl calculated from the operational equation of Sokoloff et al. (1977) is inversely pro portional to the value of the LC, the application of the 2DG technique must be used with caution under pathological conditions Sokoloff, 1984) . The preliminary study of Ginsberg and Reivich (1979) is the only published report on the LC in ischemic and postischemic con ditions. The LC was found to be significantly in creased during ischemia, but was unaltered from control during the subsequent recirculation period. However, Hawkins et al. (1981) estimated that the LC for fluorodeoxyglucose varied only slightly be tween ischemic and nonischemic regions in stroke patients. It is apparent, therefore, that more de tailed studies are required in order to satisfactorily characterize ischemic and postischemic alterations of the LC. The LC is a function of the brain glucose content (Crane et aI., 1981; Gjedde, 1982) . It has recently been proposed that the LC for 2DG may be calcu lated using predetermined values of the blood brain barrier transport constants for glucose (Km, V max' Kct) and experimentally measured values of brain and plasma glucose (Pardridge et aI., 1982a,b) . Although the accuracy of this method at low levels of plasma glucose has been questioned (Gjedde, 1982) , plasma glucose in the present study was >6 m M, well above the hypoglycemic range. . is regionally heterogeneous (Garcia, 1984) , the LC may differ from region to region. Determination of the LC using "whole-brain" extraction ratios for glucose and 2DG as described by Sokoloff et al. (1977) is not applicable to the model of MCA oc clusion. Thus, in the present study, we employed the method of Pardridge et ai. (1982a,b ) to estimate regional alterations of the LC in postischemic brain. U sing this method to adjust the LC for regional alterations in brain glucose, we observed a linear correlation between the LC and ATP in the post ischemic hemisphere (Fig. 2) . However, the slope ; 0 . , .
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of the regression was small, and the average LC in regions with low ATP was only 10% below that in samples with control levels of ATP. The finding that the LC is not greatly altered in postischemic brain is consistent with the results of a previous study of reperfused cat brain (Ginsberg and Reivich, 1979) . However, the present results do not exclude the possible influence of other factors, such as an al tered phosphorylation coefficient (Pardridge et aI., 1982a) , on the LC in postischemic brain.
Rate constants for 2DG
In sham-operated animals, the concentration of unphosphorylated 2DG (CE) measured in tissue samples was 2-10% greater than that of the CE de rived from the arterial curve. This result suggests that the rate constants for normal cat brain may be slightly different from those for rat brain. However, compared with the regional variation of these con stants within the rat brain (Sokoloff et aI., 1977) , the deviation observed in the present study was small. In postischemic tissue with marked reduction in ATP levels, however, direct measurement of CE (and of glucose) yielded significantly higher levels than would be expected on the basis of the arterial concentration (Fig. 6) . Thus, the rate constants for 2DG in damaged tissue may deviate significantly from control values. The above difference in CE might result from an increase in kj and/or a de crease in (k� + k!). If, for example, (k� + k!) de creased from the normal value of 0.30 to 0. 21, then the C E calculated from the arterial curve would agree with the measured CEo
The difference between measured and calculated CE was in the direction opposite to that reported 1. 05 ± 0. 02 (n = 11) 1.05 ± 0.02 (n = 10)
1. 04 ± 0. 03 (n = 36) 1.51 ± 0.07a (n = 21) 1.09 ± 0.02 (n = 54)
Values are means ± SE. C E o tissue concentration of unphosphorylated 2deoxyglucose; n, no. of samples.
a Significantly higher than other groups (p < 0.001).
previously for regions depleted of ATP during a pe riod of ischemia (Welsh et aI., 1980a) . Thus, when local perfusion is sufficiently low, then delivery of 2DG is flow limited and direct measurements of CE will be lower than those calculated from arterial concentrations. By contrast, the present finding that measured CE was greater than calculated CE in postischemic brain is evidence against a flow limi tation in damaged regions, and the presence of ab normally high levels of glucose in these regions sup ports this suggestion. The present investigation employed a 45-min 2DG protocol to minimize the potential error caused by inexact knowledge of individual rate con stants used in the calculation of glucose utilization (Sokoloff et aI., 1977; Sokoloff, 1984) . However, it is apparent from the present results that in regions of postischemic brain with low levels of ATP, the fraction of total 2DG in the phosphorylated form is smaller than expected, despite the 45-min waiting period. Indeed, we determined that in these regions there would be a threefold overestimation of LCMRgl if the calculated CE were used. Thus, in pathologic situations, estimation of the phosphor ylated 2DG using autoradiographic density and cal culated CE would be in serious error. These results therefore indicate that it may be necessary to de termine rate constants or, at the very least, to mea sure CE directly in damaged regions of brain.
Glucose utilization and tissue metabolite levels
The relatively low LCMRgl values in the sham operated animals as compared with the corre sponding values in cats under light anesthesia (De lage et aI., 1981) may be attributed in part to the effect of barbiturate anesthesia, which is known to reduce the CMRgl (Sokoloff et aI., 1977; Gjedde and Rasmussen, 1980) . It may also be due to the long study time; these studies usually lasted �9-1O h. There are indications that barbiturates may be beneficial to the recovery of tissue metabolism after ischemia (Michenfelder and Milde, 1975) . That such a protective effect was not large in this study is evidenced by the wide spectrum of tissue damage seen. Various regions, such as the middle ectosyl vian gyrus, caudate nucleus, and middle suprasyl vian gyrus, exhibited marked reductions in energy rich phosphates as well as a diminished LCMRgl (Figs. 4 and 5) , comparable with the severe altera tions seen in nonbarbiturate-anesthetized animals.
The major findings of the present study are (a) the marked reduction of LCMRgl in regions with low ATP; (b) the elevation of LCMRgl in regions with only minor perturbations in lactate, phospho creatine, and ATP; and (c) the 10-20% decrease (relative to sham-operated animals) in LCMRgl in regions with normal levels of metabolites in both the nonischemic and the ischemic cerebral hemi spheres.
The profound depression of LCMRgl in regions with low levels of energy-rich phosphates and high levels of lactate bespeaks a marked inhibition of glycolysis. In the acute phases of cerebral ischemia, the reduction of high-energy phosphates and accu mulation of lactate are closely associated with an acceleration of glucose utilization (Lowry et aI., 1964; Drewes et aI., 1973) . This activation of gly colysis probably continues until the cerebral car bohydrate stores are depleted. However, if the isch emic insult is long lasting, or if the ischemic tissue is reperfused, then it is not clear whether glycolysis can remain activated even though one of the pri mary signals for activation-low energy charge may persist. Indeed, in studies of pure anoxia in the isolated brain, the increase in glucose utilization was transient despite continued delivery of glucose (Drewes et aI., 1973; Kintner et aI., 1980) . Thus, it is possible that excessive accumulation of intracel lular lactate and hydrogen ion may eventually lead to inhibition of glycolytic enzymes and to decreased LCMRgi.
Abnormally high levels of tissue glucose were present in regions with reduced LCMRgl and ATP. A similar increment in tissue glucose was observed previously in regions bordering an ischemic focus (Ratcheson and Ferrendelli, 1980) . Further, the presence of high levels of glucose has been dem onstrated in regions with irreversible energy failure following global cerebral ischemia (Paschen et aI., 1983) . These results suggest that both energy pro duction and the rate of glycolysis are not limited by glucose delivery. Rather, it is apparent that glucose utilization may be inhibited by intrinsic alterations, such as excessive intracellular acidosis. However, whether this glycolytic inhibition is a factor limiting the production of high-energy phosphates or is simply a consequence of cellular damage cannot be resolved with the present information.
Regions with increased LCMRgl in postischemic brain were restricted to those areas with relatively minor alterations in lactate, phosphocreatine, and ATP. The limited extent of these metabolic changes does not strongly support anaerobiosis as the mech anism for accelerated glucose utilization. Indeed, it is possible that lactate levels were actually de creasing during the recirculation. Thus, the modest elevation of lactate (5 mmol/kg) is difficult to inter pret as ongoing anaerobic glycolysis. It is equally likely that the increase in LCMRgl represents an increase in oxidative metabolism of glucose and that the alterations in metabolite levels are rem nants from the previous period of ischemia.
Activation of LCMRgl during postischemic re perfusion has been observed in autoradiograms in a number of experimental models of stroke (Levy and Duffy, 1977; Diemer and Siemkowicz, 1980; Pulsinelli et aI., 1982; Choki et aI., 1983; Ta naka et aI., 1985) . However, none of these studies have at tempted to compensate for alterations in CE or LC; therefore, it is difficult to be certain that autoradio graphic evidence of increased tracer represents ac tivation of glucose metabolism. Further, these studies did not report tissue metabolite levels, which might have suggested anaerobiosis. In a pre vious investigation, we observed that cerebral blood flow was >40% of control in regions with increased uptake of 2DG during postischemic re perfusion (Tanaka et aI., 1985) . This level of flow is above the threshold in normal brain for activation of glucose utilization (Bruce et aI., 1972; Ginsberg et aI., 1976; Reivich et aI., 1977) . Thus, there is no evidence that insufficient blood flow was respon sible for increased glucose metabolism during post ischemic reperfusion.
Finally, the modest depression of LCMRgl in re gions with normal metabolite levels (in both the J Cereb Blood Flow Metabol, Vol. 5, No.4, 1985 ischemic and the nonischemic hemisphere) de serves some comment. This finding is similar to that following forebrain ischemia in rat brain in which LCMRgl was lower than normal (Pulsinelli et aI., 1982) while tissue metabolites had returned to con trol levels (Pulsinelli and Duffy, 1983) . This reduc tion in metabolic rate for glucose is most likely the result of diminished neural function even in remote regions following ischemia, although the mecha nism of dysfunction is unknown. Decreased con sumption of oxygen, which commonly follows a pe riod of global ischemia (Lang et aI., 1972; N ord strom and Rehncrona, 1977; Kintner et aI., 1980) , is also indicative of suppressed neural function during postischemic recirculation.
In conclusion, the present results demonstrate that postischemic tissue can be subdivided into three major metabolic categories. First, there are regions characterized by marked reductions in en ergy-rich phosphates, elevated lactate and glucose, and diminished LCMRgl. Second, there are regions with only minor perturbations in metabolite levels, but LCMRgl is higher than normal. Third, there are areas with normal levels of metabolites that exhibit a depression in LCMRgl. The recovery of metab olite levels may reflect the absence of permanent injury; however, selective neuronal necrosis in this model (Tanaka et aI., 1985) or delayed occurrence of tissue damage (Kirino, 1982; Pulsinelli et aI., 1982) cannot be excluded.
